T he influence of pre-existing structural anisotropy on faulting in the continents is best tested in recently exhumed crust (e.g. Nanga Parbat Massif, NW Himalayas), where earlier brittle structures have been annealed. The kinematics of young faults, formed in a single, continuing tectonic regime (NNW compression), are distinctly different, depending upon the orientation of the early ductile foliations around them. Faulting is subparallel and statistically simple where foliation is moderately dipping but highly complex where foliation is steeply dipping. Thus structural anisotropy does control faulting in the continental crust, a result with important implications for seismogenesis, fluid flow and basin evolution.
The orientation of foliations originating from ancient ductile deformations has been thought to guide subsequent tectonics; for example, the segmentation of rifts during continental break-up (e.g. Clemson et al. 1997) . Intraplate seismicity within the southern Indian continent apparently focuses along Precambrian deformation zones (e.g. Chetty 2006 ). On a global scale, it has been proposed that large-scale alignment of olivine crystals, and their intrinsic anisotropy of elastic properties in the upper mantle, can guide the orientations of rifts during continental break-up (Tommasi & Vauchez 2001) . However, outcrop studies that demonstrate foliation controls on faulting patterns are rare. An ideal condition for such work is a location where there has demonstrably been just one episode of brittle faulting that acted on the foliated crust. Existing studies (e.g. Beacom et al. 2001) tend to use Precambrian basement terranes with ancient foliations that have resided for considerable periods in the shallow crust. In these examples it is generally not possible to demonstrate whether the fractures and faults formed in a single stress regime or are the products of many tectonic events developed at distinct times. Focusing on neotectonic faults in crust that has recently been exhumed limits the time available for faulting. Even if such crust had early fault structures within it, the assumption here is that deep burial and ductile recrystallization will have annealed out these flaws, in a manner analogous to metallurgy and high-temperature rock deformation experiments. Consequently, any faults found at outcrop will have formed since the last penetrative ductile deformation. If this deformation is young, so too are the faults, minimizing the chance of these forming in different tectonic events.
A case study is presented here from the Nanga Parbat Massif in the Pakistan Himalaya (Fig. 1a) . Although the rocks that crop out in the massif are Precambrian in origin, just 2 Ma ago they were sufficiently hot to experience partial melting (Zeitler et al. 2001) , recorded as migmatites and small batch-melt leucogranite sheets. Subsequent rapid recent exhumation, estimated at 5-10 mm a À1 , has returned the rocks from depths in excess of 10 km and temperatures in excess of 700 8C (Butler et al. 1997) . Under the maximum burial conditions that these rocks have experienced, any pre-existing brittle faults are likely to have been annealed. The shallow limit of brittle deformation is indicated by the pattern of microseismicity in the massif (Meltzer et al. 2001) , which is restricted to the upper 5-7 km of the crust. Given the exhumation rates, current outcrops have spent less than 1 Ma within the brittle regime on their path to the Earth's surface and thus all faults found in the field were formed in the past 1 Ma. For the purposes of this paper such deductions are important because all the faults found at outcrop are essentially coeval and developed in the same tectonic episode. The objectives here are to present data on fault orientations and kinematics and to relate these to the orientation of ductile fabrics within the rocks that they formed in. A study area was chosen on the NW margin of the massif, either side of the Liachar Thrust (Fig. 1b) a neotectonic structure associated with the uplift of the Nanga Parbat Massif (Butler 2000) . Data are presented that indicate a relationship between subsidiary fault systems on either side of the Liachar Thrust and the foliation within which they are embedded.
Field geology and data collection. The geology of the NW margin of the Nanga Parbat Massif, especially the Raikhot Bridge area used for this case study, has been described by Butler (2000) . The faults studied here are spatially related to the Liachar Thrust. They are brittle structures that offset all elements of the ductile deformation and magmatic history described above. In places these structures cut unconsolidated river gravels and deposits in the modern Indus valley (e.g. Butler & Prior 1988) . A range of fault type is found. Some, generally interpreted as being representative of the shallowest level of deformation, are characterized by poorly lithified fault breccias and clay-rich gouges. Cataclastic deformation is also preserved from what are interpreted as deeper levels (a few kilometres), where faults are accompanied by quartz and epidote veins indicating that the brittle structures may have focused upper crustal fluids (Craw et al. 1994) . The faults preserved from deeper levels are marked by ultracataclasites cemented by feldspathic cements with local reworking in thin shears within which grains are modified by crystal-plastic deformation.
Although the brittle faults formed under a range of burial and, especially, thermal conditions, none of the structures studied here are cross-cut by leucogranite sheets. Indeed, examples of all fault types cross-cut the exhumation-related leucogranites. These relationships corroborate the assertion that faults formed during the recent exhumation of the massif. Vertical offsets along the individual strands of the Liachar Thrust are estimated to be of the order of 1 km (Butler 2000) , so that both hanging wall and footwall of the thrust have experienced essentially the same tectonic stress regime for approximately the same period of time. The kinematics of the main strands of the Liachar Thrust are consistent for several kilometres along strike, throughout and beyond the study area, and imply a NNW-SSE direction of maximum tectonic shortening.
The Liachar Thrust is considered to be the youngest, shallowest large-scale neotectonic structure at Nanga Parbat. Deformation structures exhumed from deeper in the Himalayan crust here are dominated by steep foliations indicative of subvertical stretching and crustal thickening (Butler et al. 2002) . These fabrics are widespread and form a structural anisotropy on both sides of the Liachar Thrust. In the hanging wall the rocks consist of augen gneisses, migmatites and thin amphibolite sheets that are concordant and ubiquitously sheared under amphibolite-to granulite-facies conditions with local leucogranite sheets (Butler et al. 1997) . The related ductile fabrics are inclined, dipping moderately into the massif. These are defined by aligned long axes of feldspar augen together with the principal biotite foliation, which collectively define a strong shape fabric. In the footwall to the Liachar Thrust the penetrative foliations are subvertical. This steep belt contains an early tectonic contact (an amphibolite-facies ductile shear zone) between the Nanga Parbat Massif and the adjacent Kohistan-Ladakh arc terrane (Butler 2000) . The Kohistan-Ladhakh rocks are generally massive banded metabasic units. A thin (50-100 m wide) strip of metasediments (possibly cover to the Indian crust) decorates this early contact. Alternations, generally on the metre scale, include psammites, pelites, thin marbles and amphibolite layers. Conse- Butler et al. 2002) . (b) Structural data for the four sub-areas (HW1, HW2, FW1 and FW2) represented on lower hemisphere, equal angle stereoplots. These link to the perspective model, which covers an area of 2 km 3 2 km on the ground. There is no vertical exaggeration in the illustrated topography (the lower horizontal plane is at sea level). The model is exploded along the Raikhot valley. The geology is after Butler (2000) , modified after fieldwork by the authors. (See Butler (2000) and Butler et al. (2002) for more information on the setting.) quently, the footwall has greater geological variety than the hanging wall to the Liachar Thrust. Nevertheless, all these rocks have experienced substantial ductile strains at amphibolite facies and, within outcrops, the lithological banding is essentially parallel to the deformation foliations (shape fabrics) throughout the study area.
The fresh and near-continuous exposure, around the mouths of the Raikhot and Buldar valleys, provides excellent opportunities for kinematic studies using fault rocks and associated slickenlines (mechanical striations). The orientations of the ductile fabrics and the brittle faults were measured together with their kinematics, which are defined by the orientation of slickenlines and observations of offset markers or asymmetric secondary fractures.
Results. Fault data are compared with the orientations of the gneissic banding measured within four sub-areas, two from the hanging wall and two from the footwall of the Liachar Thrust. All measured data are presented on equal-angle, lower hemisphere stereoplots (Fig. 1b) with population statistics calculated using methods described by Fisher et al. (1987) and Mardia & Jupp (2000) , and cluster analysis methods of Woodcock & Naylor (1983) .
The main hanging-wall site was studied along the jeep track to Tato village (west side of the Raikhot valley: data group HW1 in Fig. 1b) , which runs perpendicular to the strike of foliation. Foliation dips moderately southwards, into the massif (the mean foliation plane dips 478 towards 1838; radius of cone of confidence at 95%, ä 95 ¼ 2:78), in a tightly clustered population (significantly clustered at .99% confidence; Woodcock & Naylor 1983) . Fault planes measured on this transect are chiefly thrusts with top-to-north sense of displacement on planes that dip moderately southwards. Again, this forms a tight single cluster (.99% confidence) with the mean fault orientation dipping 438 towards 1808 (ä 95 ¼ 4:88). The mean pole to the fault planes is statistically coincident with the mean pole to foliation (spherical F 95 test). Slickenline striations on faults pitch at generally high angles, with a mean slip axis plunging towards SE (principal eigenvalue of the set plunges 368 towards 1368). However, a significant number of faults show strike-slip or oblique-slip behaviour. These oblique structures are chiefly found towards the north of the transect.
An equivalent hanging-wall setting was also studied on the Buldar Ridge on the eastern side of the Raikhot valley (data group HW2 in Fig. 1b) . Here the foliation also forms a tight cluster, and dips moderately southwards into the massif (mean orientation dips 428 towards 1728, ä 95 ¼ 4:98, clustered with .99% confidence). Fault planes are almost coincident with the foliation (mean fault plane dips 358 to 1638, ä 95 ¼ 6:88). The mean fault slickenline striation plunges 298 to 1398 (ä 95 ¼ 9:18). Taking into account a small swing in the overall structural grain across the Raikhot valley (corresponding to a 5-108 change in strike of the Liachar Thrust), the mean orientations of the foliation, fault planes and fault slickenline striations are closely comparable between the two hanging-wall sites.
In summary, both hanging-wall sites have fault populations that are strongly dominated by thrusts. The kinematics of both sites are essentially the same. Fault-plane orientations are statistically indistinguishable from the orientation of foliation.
The brittle faults in the footwall to the Liachar Thrust were examined in a similar fashion, using two geographically distinct sub-areas within this steep belt. The first of these lies structurally beneath the eastern Raikhot transect (data group FW1 in Fig.  1b) . Structural data were measured throughout the various lithological units (Nanga Parbat orthogneisses, metasediments and sheared amphibolites of the Kohistan-Ladakh terrane). The foliation is uniformly steep (mean foliation dips 838 towards 3328, ä 95 ¼ 2:48, tightly clustered at .99% confidence). In contrast to this simplicity of the ductile fabrics, the fault geometries from this location are complex. Low-angle faults tend to be thrusts that collectively show both top-to-NNW and top-to-SSE senses of movement. Macroscopically these are conjugate systems and they show no systematic overprinting relationships (i.e. are mutually cross-cutting). Steeper faults include strike-slip structures. Again, these show no systematic cross-cutting relationships, either amongst themselves or with the thrust faults. All types of fault have representatives of different fault rock type (ranging from poorly cemented clay-rich gouges to ultracataclasites with associated crystalline plasticity), indicating that the complex thrust and strike-slip behaviour operated throughout the brittle regime. The orientations both of fault planes and of their striations are widely dispersed, and statistically cannot be distinguished from random populations.
For comparison, a further footwall site was studied, structurally beneath the western Raikhot transect in the hanging wall (data group FW2 in Fig. 1b) . Again, the foliation is steeply dipping (mean orientation dips 858 towards 3458, ä 95 ¼ 4:68, tightly clustered at .99% probability) This too shows complex fault patterns including both NW-and SE-directed thrusts together with various orientations of strike-slip faulting. The faults are dominantly thrusts with a top-to-NNW sense of slip. A small proportion of the fault set is strike-slip.
Discussion. The fault sets from either side of the Liachar Thrust come from distinct populations (Fig. 2) . In the hanging wall the fault planes are oriented parallel to the foliation within the surrounding gneisses. These faults have rather simple thrust kinematics. In contrast, the fault patterns in the footwall to the Liachar Thrust are complex, with a wide range of orientations such that the dataset as a whole cannot be distinguished from random. However, the foliation within the footwall rocks forms a simple, subvertical structure with relatively uniform orientation across the area. Within this steep footwall belt the faults show complex kinematics of both strike-slip and varying thrust senses. Thus the hanging wall and footwall to the Liachar Thrust have distinctive faulting patterns and these correspond to structural domains defined by distinct orientations of transverse anisotropy created by earlier ductile fabrics (Fig. 2) . Crider & Peacock (2004) described how pre-existing discontinuities (bedding, fractures) can govern fault initiation. The Nanga Parbat study described here suggests that the anisotropy from pre-existing ductile foliations, essentially defined by aligned grains, has a similar effect. Classical laboratory experiments in rock mechanics (e.g. Donath 1964 ) have shown that anisotropic materials have the highest compressive strengths perpendicular to planes of weakness and that these planes (i.e. foliation) are preferentially reactivated when the maximum compressive stress direction makes an angle of incidence of 458 to them. Given a subhorizontal NNW-SSE direction of maximum tectonic compression for the study area, the hanging-wall rocks to the Liachar Thrust were ideally oriented for this reactivation condition to apply.
The results have implications for fault growth and connectivity, as explored by Crider & Peacock (2004) . A key control on the permeability structure of the upper crust is the connectivity of fault networks. For the Nanga Parbat study, the complex fault patterns in the footwall to the Liachar Thrust generate far more fault intersections than the simple faulting patterns of the hanging wall. Assuming that the distribution of fault rock types is the same, this predicts that the hanging-wall fault permeability will be lower with a large bulk permeability anisotropy, compared with a more isotropic, and higher permeability fault network in the footwall. It is likely that the simple fault pattern of the hanging-wall sites is characterized by longer faults than the footwall sites, as fault strands are less likely to have impeded each other as they propagated. However, the rugged terrain did not permit the collection of appropriate fault-length data to test these predictions.
Conclusions. The field study presented here demonstrates that faults at Nanga Parbat have different population statistics depending on their orientation with respect to rock fabric. All the fault structures have formed over the same period, probably within the past 1 Ma and therefore within the same tectonic regime. Simple, near-parallel thrust faults form within the moderately inclined foliation found in the hanging-wall sites. The faults found in areas of steep foliations in the footwall are complex, both in terms of population statistics and kinematics. The inference is that it is the orientation of foliation that gives rise to the different fault populations. Thus fabric anisotropy controls the faulting pattern for the particular tectonic loading that operates in this part of the Himalayas. When the principal compressive stress is near parallel to the foliation then faulting patterns are likely to be simple, with correspondingly high faultlength to displacement ratios and rather low numbers of fault intersections. High angles of incidence between the direction of maximum compressive stress and foliation generate more complex faulting patterns, low fault-length to displacement ratios and large numbers of fault intersections. These results lend support to the notion that regionally extensive crustal foliation can influence faults, their segment length (e.g. Ebinger et al. 1999 ) and array complexity (e.g. Morley et al. 2004) . Variation in fault network character is likely to directly influence permeability structure and hence the transmission of fluids and distribution of mineralization in the upper continental crust. Fig. 2 . Conceptual model for the relationship between fault geometries and foliation in the surrounding gneisses on either side of the Liachar Thrust. It should be noted that simple fault patterns (in this case thrusts) develop when the foliation is in an appropriate orientation (inclined at c. 458 to the direction of maximum shortening) whereas highly complex (statistically random) fault patterns develop in the steep belt.
